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D. Tscherko, 10 J. H. Lawton 1, 14 Human impacts, including global change, may alter the composition of soil faunal communities, but consequences for ecosystem functioning are poorly understood. We constructed model grassland systems in the Ecotron controlled environment facility and manipulated soil community composition through assemblages of different animal body sizes. Plant community composition, microbial and root biomass, decomposition rate, and mycorrhizal colonization were all markedly affected. However, two key ecosystem processes, aboveground net primary productivity and net ecosystem productivity, were surprisingly resistant to these changes. We hypothesize that positive and negative faunal-mediated effects in soil communities cancel each other out, causing no net ecosystem effects.
Soil fauna are essential to efficient nutrient cycling, organic matter turnover, and maintenance of soil physical structure, processes that are key determinants of primary production and ecosystem carbon storage (1) (2) (3) . Consequently, there is considerable concern about impacts on ecosystem functioning that might result from shifts in the community composition of soil fauna mediated through global change (4) (5) (6) . Predictions based on theoretical considerations of soil communities are ambivalent. Indeterminate and unexpected impacts are predicted from food web theory (7, 8) . Redundancy is also postulated to be common (9) , with large changes in community composition having minimal effects. Anderson (10) argued that net effects may be positive, negative, or zero, depending on the balance between sink and source processes operating at finer scales. Keystone species theory (11) and distinct bacterial versus fungal energy channels (12, 13) further cloud the predictions. Therefore, an empirical approach is essential for predicting the impacts of shifts in soil community composition on ecosystem functioning.
Pot experiments with soil, soil organisms, and sometimes an individual plant or plant species have demonstrated the marked potential effects of loss of specific soil fauna and faunal groups on a range of ecosystem processes (14) (15) (16) . However, the validity of extrapolating these studies to the field is questionable given the low species numbers of soil fauna and plants (if present) typically used, the artificiality of the soil, and the limited number of variables measured. What is required is an approach that manipulates the composition of a soil faunal community with a species richness more akin to that in the field, which includes a multispecies plant community and a reconstructed soil profile and measures the response of a suite of interacting variables. To manipulate the soil community in the field, and maintain it over biologically meaningful temporal and spatial scales, is logistically difficult (17) . Ecological microcosms make such investigations eminently more feasible. We used the Ecotron controlled environment facility (18) to test the role of one component of soil community composition-namely, assemblages that differ in animal body sizes-on carbon flux, and microbial and plant community composition and abundance.
We constructed 15 terrestrial microcosms over a period of 7 months (19) as analogs of a temperate, acid, sheep-grazed grassland (a habitat that occurs widely across the upland regions of northern Britain). We maintained the microcosms in the Ecotron under constant environmental conditions (19) for a further 8.5 months. Soil, plants, fauna, and microorganisms for microcosm construction were collected from the grassland (19) . Soil fauna were assigned to a functional group according to body width (20, 21) of the adult or, if the adult was not soil dwelling, largest larval stage. Body size provides a good functional classification because it correlates with metabolic rate, generation time, population density, and food size (22) . Table 1 . Biomass and numbers of soil organisms in the microfauna, mesofauna, and macrofauna treatment communities at the end of the experiment. Data for groups common to all treatments (body width Ͻ 0.1 mm) were analyzed by analysis of variance, and significant differences (P Ͻ The physical structure of the soil habitat also constrains access to resources for certain body sizes and hence modulates interactions between organisms (21). We grouped fauna into the following size classes [see (23) ]: microfauna (Ͻ100 m diameter), mesofauna (100 m to 2 mm diameter), and macrofauna (Ͼ2 mm diameter). We established three treatment communities using these groupings to produce a gradient of increasing functional complexity: (i) microfauna only; (ii) microfauna and mesofauna; and (iii) microfauna, mesofauna, and macrofauna. We refer to these treatments as microfauna, mesofauna, and macrofauna communities, respectively. All treatments included bacteria and fungi. End of experiment numbers and biomass of soil organism groups are shown in Table 1 (initial inoculation densities are shown in table S1).
We predicted that plant community composition would change and aboveground net primary productivity (NPP) would increase, in mesofauna and macrofauna communities, because of widely reported positive effects of these fauna on soil fertility and plant growth (14, 16, 24) . In addition, we postulated that net ecosystem productivity (NEP; a measure of total ecosystem carbon balance) would be greater in the more complex communities because of the combined effects of increased carbon input and soil organic matter stabilization (25) . As predicted, plant functional group (grass, forb, or legume) and species composition were markedly affected by the treatments. Foliar biomass of both forbs and legumes decreased in macrofauna communities, whereas their biomass increased over time in the other two treatment communities (Fig. 1) . This shift toward the more nitrogenrich plant functional groups was reflected in shifts in grass species composition: Holcus mollis L., the most nitrogen-rich graminoid species, increased in biomass in microfauna and mesofauna communities (19, 26) . In contrast to our predictions, and despite the plant community compositional change, aboveground NPP and NEP were not affected by the treatments (Fig. 2) (19) .
That the magnitudes of two key ecosystem processes, NPP and NEP, were resistant to such a major shift in soil-faunal community composition was surprising. We investigated the responses of a range of variables within the soil habitat to explain the observed resistance. Although we observed no marked changes in soil physical properties (19) that could have contributed to changed soil fertility (27) , decomposition rate (19) was significantly enhanced (P Ͻ 0.05) in the most complex faunal treatment (28); see also (14) . As decomposition rate is generally positively correlated, within a system, to nutrient availability (23), we might have expected NPP to increase in response in macrofauna communities. However, both mycorrhizal colonization and root biomass (19, 29) were less abundant in macrofauna communities, and these decreases may explain why plants in these communities were unable to capitalize on the potentially higher nutrient availability. The existence of such simultaneous but opposite changes in variables, which in this case appeared to buffer NPP, develops Anderson's (10) theory that soil process rates (for example, nitrogen flux) at one scale may be maintained by sink and source processes (for example, nitrogen immobilization and nitrogen mineralization) operating at finer scales.
As with NPP, NEP may have been buffered by positive and negative responses to fauna that occurred within the soil habitat. NEP is the sum of photosynthesis and respiration (19) , and a change in the rate of either contributing process affects the net CO 2 flux of the system. Given the resistance of NPP to the treatment gradient, it is perhaps not surprising that photosynthesis (19) was similarly resistant (P Ͼ 0.05). However, marked decreases in both root and microbial biomass (Table 1) , the two main contributors to grassland respiration, occurred in macrofauna communities. Thus, we would have expected community respiration (19) to decrease (and NEP to increase), but CO 2 efflux was not significantly different between treatments (P Ͼ 0.05). Respiration was probably buffered in the macrofauna communities by the combined stimulatory effect of both mesofauna and macrofauna on microbes (16, 30) , which served to maintain microbial activity (19) at a level equivalent to that in the microfauna and mesofauna communities (31) .
Similarly, we predict that plant community composition differences were the net result of a complex set of mechanisms that both positively and negatively affected the abundance of different plant functional groups and species. These mechanisms will have included nutrient availability, foliar and root herbivory, and mycorrhizal colonization (32, Forb and legume data are pooled, with proportion data shown for clarity; statistical analyses were performed on absolute biomass data. Forb and legume biomass was significantly lower in macrofauna communities (time ϫ treatment interaction: forbs, F 14,56 ϭ 1.9, P Ͻ 0.05; legumes, F 14,56 ϭ 10, P Ͻ 0.001). From day 169 for forbs, and day 113 for legumes, individual time point analyses of variance were highly significant (P Ͻ 0.001) and macrofauna communities had consistently lower forb and legume biomass than microfauna and mesofauna communities (P Ͻ 0.05). Grass biomass was not significantly affected (time ϫ treatment interaction; F 14,56 ϭ 1.7, P Ͼ 0.05). 
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However, in contrast to the faunalmediated mechanisms determining NEP and NPP, positive and negative responses within treatments clearly did not balance.
We have shown that a change in soil community composition markedly affects microbial and root biomass, decomposition rate, mycorrhizal colonization, and plant community composition. However, aboveground NPP and NEP were resistant to these changes. These findings demonstrate that the marked effects on ecosystem processes of changes in faunal size-class composition, observed in simple experimental systems (14, 15) , do not necessarily manifest themselves within complex communities. Although microcosm studies can never substitute for longterm field investigations, this study is useful to help predict the potential ecological impacts of a major shift in soil-faunal community composition. 
